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FORE WORD 

This  i s  t h e  second i n  a series of t a s k  r e p o r t s  w i th in  a b r i e f  
Some Major Impacts of t h e  Na t iona l  Space Program." I t  study of 

Within t h i s  i n v e s t i g a t i o n ,  many cand ida te  impacts were f irst  
screened and t h o s e  t h a t  appeared (1) minor, or ( 2 )  no t  l i k e l y  t o  y i e l d  
t o  s u f f i c i e n t  s tudy w i t h i n  t h e  sho r t  t i m e  a v a i l a b l e ,  w e r e  e l imina ted .  
The remaining impacts were subjected t o  f u r t h e r  s tudy and each i s  
s e p a r a t e l y  r epor t ed  w i t h i n  t h i s  series.* 

The r e s u l t s  of t h i s  s tudy a re  the f i r s t  conc re t e  a s says  within a 
welter of c o n f l i c t i n g ,  incomplete,  exaggerated,  and f r e q u e n t l y  unsup- 
p o r t e d  information.  Stanford Research I n s t i t u t e  cons ide r s  i t s  ob- 
j e c t i v e  s tudy an  important  t a s k  and i s  looking forward t o  extend t h e  
scope of t h i s  s tudy i n  t h e  f u t u r e ,  by a p p l i c a t i o n  of t h e  background, 

, methodologies, and i n i t i a l  r e s u l t s  obtained t o  d a t e .  

John G .  Meitner 
P r o j e c t  Manager 

I 1  I t  * The t i t l e s  are: 'kconomic Impacts,  I d e n t i f i c a t i o n  of N e w  Occupations," 
I 1  11  "Impacts of N e w  M a t e r i a l s  Technology, Impacts upon Aviat ion and 

Aeronaut ics  , I '  "Impacts upon Heal th ,  Biology, and Medicine ,I' "Some T o t a l  
Impacts of NASA C a p a b i l i t y , "  "The Impact of t h e  Space Program upon 
Science--1. Astronomy, I' 
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SUMMARY 

High l igh t s  of t h e  NASA ae ronau t i ca l  research program as presented 
by NASA and as presented  t o  t h e  publ ic  through t h e  t r a d e  and news 
p r e s s  a r e  reviewed here. 

W e  f i n d  t h a t  w h i l e  t h e  research and development e f f o r t  i s  eminently 
s u c c e s s f u l  and c u r r e n t  as shown by t h e  t e c h n i c a l  q u a l i t y  and compet i t ive  
p o s i t i o n  of U . S .  a e r o n a u t i c a l  equipment, t h e  NASA e f f o r t  is  never 
presented  i n  a p o s i t i v e  l i g h t  when the  message i s  d i r e c t e d  a t  t h e  gene ra l  
pub l i c ,  nor i s  i t  complete when d i r e c t e d  toward the  t e c h n i c a l l y  o r i e n t e d  
community. 

S ince  the  NASA a e r o n a u t i c a l  a c t i v i t y  i s  not separa ted  from opera-  
t i o n a l  veh ic l e s  by more than a few years ,  direct  economic b e n e f i t s  t h a t  
pay f o r  a l l  of the NASA ae ronau t i ca l  research can be poin ted  ou t .  Also,  
s i n c e  t h e  technology i s  not f a r  i n  advance of i t s  a p p l i c a t i o n ,  t he  new 
jobs  r e s u l t i n g  from improvements can  be i d e n t i f i e d ;  oppor tuni ty  e x i s t s  
t o  t r a i n  t he  s u r p l u s  l abor  (hard core unemployed) f o r  the jobs .  These 
and o t h e r  b e n e f i t s  are descr ibed i n  some d e t a i l  i n  t h e  body of t h i s  
r e p o r t .  

On the  o t h e r  hand, there a r e  i n d i c a t i o n s  t h a t  the  lead  i n  aero- 
n a u t i c a l  r e sea rch  NASA once had i s  gone; i n  f a c t ,  some va luab le  break- 
throughs a r e  l a t e .  I t  i s  a l s o  ind ica ted  t h a t  t h e  advanced programs are 
important  i n  main ta in ing  a research lead. 
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INTRODUCTION 

The NASA Aeronaut ics  Program work i s  ca tegor ized  i n t o  
t h r e e  a r e a s ,  a s  shown i n  Table  1 (Ref. 1). 

Table 1 

STEPS I N  THE NASA AERONAUTICAL RESEARCH CYCLE 

S t e p  1 - Advanced Research 

Explora t ion  of new i d e a s  not y e t  r e l a t e d  t o  a i r c r a f t .  

Aerodynamics 
Propuls ion  
S t r u c t u r e s  
Operat ing Environment 
System Dynamics 

S tep  2 - Applied Technology 

Study of i d e a s  from d i s c i p l i n e s  combined t o  g ive  a new 
a i r c r a f t  t ype ,  

Aerodynamics 
Propuls ion  
S t r u c t u r e s  
Operat ing Environment 
System Dynami cs 

S t e p  3 - Developmental Technology 

Support  of o t h e r  groups i n  choice  of s p e c i f i c  v e h i c l e s  and 
s o l u t i o n  of d e t a i l  problems. 

Aerodynamics 
Propuls ion  
S t r u c t u r e s  
Operat ing Environment 
System Dynamics 
Mission (from DOD, FAA, etc . )  

S t e p  1, advanced r e sea rch ,  c o n s i s t s  of exp lo ra t ion  of new i d e a s ,  
no t  r e l a t e d  to  s p e c i f i c  a i r c r a f t ,  i n  aerodynamics, p ropuls ion ,  s t r u c t u r e s ,  
o p e r a t i n g  environment,and system dynamics and forms t h e  b a s i s  f o r  s t e p  2.  

2 



The appl ied  technology s t e p  c o n s i s t s  of  t h e  s tudy of new v e h i c l e  con- 
c e p t s  r e s u l t i n g  from t h e  i n t e g r a t i o n  of  new developments i n  advanced 
research .  NASA does not  develop these  veh ic l e s  but  t h e  d e f i n i t i o n  re- 
s u l t i n g  from t h i s  r e sea rch  phase has proved h e l p f u l  i n  i n d i c a t i n g  t o  t h e  
i n d u s t r y ,  t o  Congress,and t o  t h e  publ ic  where NASA ae ronau t i c s  r e sea rch  

~ G L I I I ~  VI ILPW aii-ci-afi .  Step 3 ,  de---' t: v t: I u -- pmen t a i is +krr n,-..r.Cn.. in + A  n m r  -2 --_.. 
bIIG b " J , l b L J  

technology,  i s  a suppor t ing  a c t i v i t y  t o  t h e  agency r e spons ib l e  f o r  
spec i fy ing  an a i r c r a f t  mission and developing t h e  a i r c r a f t  t o  meet i t .  
This  a c t i v i t y  absorbs a s u b s t a n t i a l  percentage of t h e  NASA ae ronau t i c s  
e f f o r t .  Table  2 shows t h e  percentage of NASA ae ronau t i c s  r e sea rch  
a c t i v i t y  and p ro fes s iona l  manpower t h a t  has been devoted t o  answering 
r eques t s  for a s s i s t a n c e  from m i l i t a r y  and c i v i l  agencies  and t h e  indus t ry .  

Table 2 

NASA DEVELOPMENTAL TECHNOLOGY SUPPORT 
FOR GOVERNMENTAL AGENCIES (CY 1965) 

A n a l y s i s ,  
F a c i l i t y  % of Consul t ing % of 
Hours T o t a l  Man-Years T o t a l  

NASA t o t a l  a v a i l a b l e  69,000 100 374 100 

T o t a l  NASA support  supp l i ed  
t o  DOD and o t h e r  agencies  29,392 42.5 86 23 

NASA support  of DOD 
(13 a i r c r a f t ,  13 missiles, 
6 misce l laneous  p r o j e c t s )  17,883 25.9 58.2 15.6 

NASA suppor t  of o t h e r  agencies  
(FAA, NSF, etc.)  (Proposal  
e v a l u a t i o n s ,  acc iden t  and sa fe -  
t y  of f l i g h t  i n v e s t i g a t i o n s )  11,509 16.6 27.8 7 .4  

Source: NASA (Ref. 1). 
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AERONAUTICAL TECHNOLOGY TRANSFER PROCESS - 

NASA's support  of DOD, indus t ry ,and  o t h e r  governmental agencies  i s  
c o n s i s t e n t  wi th  t h e  c a p a b i l i t y  of t h e  f a c i l i t i e s  and s t a f f .  The support  
workload a t  t i m e s  r e p r e s e n t s  a d ivers ion  from b a s i c  r e s e a r c h ,  but  i t  i s  
considered important  f o r  two reasons: (1) t h e  f a c i l i t i e s  and s t a f f  have 
been made a v a i l a b l e  f o r  j u s t  such purposes and (2) t h e  problem-solving 
a c t i v i t y  can c o n t r i b u t e  t o  t h e  development of a r e sea rch  f a c i l i t y  or 
technique or i n s p i r e  breakthroughs.  For example, t h e  d a t a  from t h e  h igh  
speed r e sea rch  a i r c r a f t  (Be l l  X - 1 ,  Douglas D-558-11, and B e l l  X-1-A) ,  
beginning i n  1947, accentua ted  t h e  need f o r  r e sea rch  support  through 
l abora to ry  t e s t i n g  i n  t h e  t r anson ic  reg ion .  By 1950, a t r a n s o n i c  wind 
tunne l  was i n  ope ra t ion  a t  t h e  NASA (NACA) Langley Research Center  
(LaRC) ; and by 1951, Whitcomb (NASA engineer)  began t h e  experimental  
v e r i f i c a t i o n  of t h e  a r e a  r u l e  (coke b o t t l e )  f o r  a i r c r a f t  fu se l age  design.  
Th i s  breakthrough,  when appl ied  t o  a i r c r a f t  des ign ,  r e s u l t e d  i n  speed 
ga ins  of a s  much a s  25% (Ref. 2) .  In  another  e f f o r t ,  LaRC's work, which 
was p a r t i a l l y  i n  support  of a B r i t i s h  v a r i a b l e  sweep wing t a c t i c a l  
f i g h t e r  conf igu ra t ion  proposa l ,  l e d  t o  a breakthrough i n  des ign  mini- 
mizing v a r i a t i o n  i n  s t a b i l i t y  a s  a r e s u l t  of wing sweep angle  for a 
v a r i a b l e  sweep wing a i rp l ane .  A pa ten t  was i s s u e d  i n  September 1962 
and ass igned  t o  NASA (Ref. 3). 

The v a r i a b l e  sweep wing i s  an example of t h e  n a t u r a l  way t h e  s t e p s  
i n  t h e  NASA a e r o n a u t i c a l  r e sea rch  cycle  occur .  Var i ab le  sweep wing 
technology has  been app l i ed  t o  a i r c r a f t  capable  of f l y i n g  a t  supersonic  
speed e f f i c i e n t l y  and landing a t  e x i s t i n g  a i r p o r t s  s a f e l y .  I n  t h e  case  
of t h e  f i g h t e r  a i r c r a f t  ( F - l l l ) ,  an a d d i t i o n a l  requirement i s  m e t :  The 
a i r c r a f t  must be capable  of f l y i n g  a t  h igh  speed a t  low a l t i t u d e  i n  
o r d e r  t o  avoid r a d a r  d e t e c t i o n ,  while pe rmi t t i ng  t h e  p i l o t  t o  func t ion .  
The s o l u t i o n  i s  t o  reduce t h e  l i f t i n g  su r face  a rea  or i t s  e f f e c t i v e n e s s  
i n  producing l i f t  so t h a t  t h e  a i r c r a f t  does not  respond t o  t h e  atmos- 
p h e r i c  tu rbulence  a t  low a l t i t u d e s ;  t h e  p i l o t  i s  s t i l l  a b l e  to  observe 
t e r r a i n ,  read ins t ruments ,and  make judgments. I n  o r d e r  f o r  t h e  a i r -  
c r a f t  t o  f l y  a t  supersonic  speeds e f f i c i e n t l y ,  t h e  a i r c r a f t  wing must 
be of a c e r t a i n  form and small i n  a rea ;  t h e  a i r c r a f t  must have s u f f i c i e n t  
wing area and shape i n  o rde r  t o  land s a f e l y  on runways t y p i c a l  i n  m i l i t a r y  
s i t u a t i o n s .  The performance advantages and economy of ae ronau t i ca l  
v e h i c l e s  based on t h i s  concept are dependent upon g e t t i n g  both t h e  f l i g h t  
2nd l anding  z b i l i t y  from one airframe and from one engine(s ) .  Thus, when 
t h e  concept  w a s  f i r s t  t r i e d  a t  LaRC i n  1945, i t  l e d  p rogres s ive ly  t o  work 
a t  NASA i n  support  of o the r  agencies f o r  two vehicles-- the TFX (F-111) 
and t h e  SST (Ref. 3). 
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Advanced Research 

The advanced r e sea rch  s t e p  occurred i n  t h e  t i m e  per iod from 1945 
t o  1959 and cons i s t ed  of work wi th  models i n  t h e  wind tunne l s ,  f l i g h t  of 
s e v e r a l  research  a i r c r a f t ,  development of a new v a r i a b l e  sweep wing 
c m c e p t ,  2nd stiudies of a i r c r a f t  con f igu ra t ion  i n  which the  concept was 
u t i l i z e d .  

Applied Technology 

The appl ied  technology s t e p  a lways  over laps  t h e  research  s t e p .  I n  
t h i s  ins tance  it  cons i s t ed  of t h e  t i m e  per iod from 1958 t o  1960 and in -  
volved work i n  a i r c r a f t  conf igura t ion  and performance s t u d i e s  using the  
new v a r i a b l e  sweep wing concept .  

DeveloDmental Technolonv 

The t h i r d ,  or developmental technology s tep , involved  NASA support  
of o t h e r  agencies  f o r  t he  F-111 and t h e  SST dur ing  the  t i m e  per iod from 
1959 t o  the  p re sen t .  The supporting a c t i v i t y  included (1) b r i e f i n g s  of 
t h e  s t a f f  using t h e  technology and extending i t  f o r  a s p e c i f i c  a i r c r a f t  
miss ion;  (2)  a s s i s t a n c e  t o  t h e  procurement agency i n  reviewing indus t ry  
p roposa l s ;  and (3)  a c t u a l  t e s t i n g  of a succession of a i r c r a f t  models 
i n  v a r i o u s  wind tunne l s  t o  eva lua te  a l l  f l i g h t  regimes,  wi th  v a r i a t i o n  
i n  armament stowage and d e l i v e r y  , radar  antenna l o c a t i o n  and s ize ,  e t c .  

A t  t h e  beginning of t h e  support ing a c t i v i t y  (developmental tech-  
nology) ,  NASA i s  most expe r t  i n  the  technology and i n  the  a b i l i t y  of t he  
exper imenta l  method ( f a c i l i t i e s )  t o  provide information on which t o  base 
v e h i c l e  des ign  dec i s ions .  I n  t h e  support ing phase,  t he  technology i s  
t r a n s f e r r e d  t o  t h e  u s e r ;  i n  r e t u r n ,  NASA o b t a i n s  pe r spec t ive  on opera- 
t i o n a l  a s p e c t s  of the  p a r t i c u l a r  a i r c r a f t  mission. When t h e  suppor t ing  
phase i s  ending,  t h e  d a t a  a r e  obtained,  pe rmi t t i ng  c o r r e l a t i o n  of wind 
t u n n e l  and f l i g h t  performance measurements. The suppor t ing  a c t i v i t y  
i s  t h e  b a s i s  f o r  improvement of the o v e r a l l  c a p a b i l i t y  of t he  NASA s t a f f  
and f a c i l i t i e s .  This  a c t i v i t y  provides  guidance and background f o r  
a d d i t i o n a l  b a s i c  r e sea rch  or applied technology as the  a i r c r a f t  i s  
developed or improved a f t e r  i t  i s  i n  ope ra t ion .  Continuing research  and 
development a c t i v i t y  performed by the manufacturer ,  by the  use r ,  and by 
the  government ( f o r  t h e  people)  i s  usua l ly  a n a t u r a l  demand of a i r c r a f t  
o p e r a t i o n  based on advanced technology, p a r t i c u l a r l y  when i t  is  success fu l .  
Two of t h e  many p o s s i b l e  examples w i l l  be given:  

1. Gpei-atiena: suzccss =f t h e  c u h c ~ n i c  j e t  t r a n s p o r t  has  caused i t  t o  
be used f o r  purposes and in  q u a n t i t i e s  f a r  g r e a t e r  than f o r e c a s t .  
This  i nc rease  i n  the  ope ra t iona l  u s e  brought a t t e n t i o n  t o  t h e  
no i se .  More e f f i c i e n t ,  higher t h r u s t  engines  ( f an )  were developed 
because t h e  demonstrated demand j u s t i f i e d  the  development c o s t .  
The f an  engines  are q u i e t e r  a t  t h e  exhaus t ,  but the  i n l e t  no ise  

5 
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is  more no t i ceab le .  So.  R&D proceeds;  i t  so lves  some problems 
but  makes o t h e r s ,  and a l t e r n a t i v e  s o l u t i o n s  are sought .  

2 .  N e w ,  h igher  t h r u s t  engines made it  poss ib l e  t o  u s e  higher c r u i s e  
speeds i f  t h e  c r i t i c a l  speed of t h e  a i r p l a n e  could be increased .  
The c r i t i c a l  speed is  t h e  speed a t  which some por t ions  of flow 
over the  a i r p l a n e  become supersonic  and cause a rap id  drag r i se .  
This need, and perspec t ive  based on ea r l i e r  work, l ed  t o  a new 
concept of a i r f o i l  des ign  for high subsonic  ( t r a n s o n i c ,  super- 
c r i t i c a l )  a i r c r a f t .  This  concept,  i nven t ion ,  or discovery w a s  
based on understanding the  a i r c r a f t  s t r u c t u r a l  des ign  f l e x i b i l i t y  
and t h e  economic v a l u e  of increased  cruise performance. 

Confirmation of NASA's Aeronaut ical  Research Po l i cy  

The importance of a l l  t h r e e  s t e p s  i n  t h e  ae ronau t i ca l  research  
cycle i s  ind ica t ed  by t h e  statement of D r .  John S. F o s t e r ,  D i r e c t o r ,  
Defense Research and Engineer ing,  before  hea r ings  of t h e  Senate  Com- 
mittee on Aeronaut ica l  and Space Sciences cons ider ing  NASA FY 1969 
a u t h o r i z a t i o n s :  " . . . Every m i l i t a r y  a i r c r a f t  t h e  Defense Department 
buys evolves  i n  p a r t  from bas i c  and appl ied  r e sea rch  conducted i n  the  
f a c i l i t i e s  of NASA. Indus t ry  depends on NASA t o  extend t h e  ae ronau t i ca l  
a r t  and,  through s y s t e m a t i c  research ,  t o  provide des ign  d a t a  which can 
be used wi th  confidence i n  developing new a i r c r a f t . "  (Ref. 4) 
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VARIABLE SWEEP WING TECHNOLOGY 

Work on t h e  v a r i a b l e  sweep wing was s t a r t e d  a t  t h e  NASA Langley 
Research Center  i n  1945. The concept was considered advantageous i n  i m -  
proving the  low speed and landing q u a l i t i e s  of the  then high subsonic  
a i r p l a n e s  t h a t  c ru i sed  w i t h  highly swept wings ( R e f .  3) .  This  concept 
and i t s  a s soc ia t ed  technologies ,  s t r u c t u r e s  t e s t i n g  techniques,  and 
f a c i l i t i e s ,  a s  w e l l  a s  t he  perspec t ive  and t e c h n i c a l  f a m i l i a r i t y  of t he  
s t a f f  a t  N A S A , w e r e  matured i n  the  design and f l i g h t  t e s t i n g  of  a 
v a r i a b l e  sweep r e sea rch  a i r p l a n e ,  i n  t he  eva lua t ion  of a B r i t i s h  
v a r i a b l e  sweep f i g h t e r  conf igura t ion ,and  i n  t h e  work on t h e  TFX (F-111) 
and SST, I n  t h e  process  of maturing, a pa ten t  was granted t o  NASA 
engineers  f o r  a concept i n  v a r i a b l e  sweep t h a t  avoided both t r a n s l a t i o n  
of t h e  p ivot  and change i n  s t a b i l i t y  w i t h  wing sweep angle .  Th i s  new 
concept involved moving t h e  wing pivot  outboard; t h e  outboard wing p ivot  
is used on t h e  TFX F-111, the SST,and the  Russian Mikoyan and Sukhoi 
v a r i a b l e  sweep a i r p l a n e s  (Ref. 5). The s t a t e d  advantages of t he  
v a r i a b l e  sweep wing technology as  i t  has  been evolved or developed a r e  
confirmed when a competi tor  expends h i s  resources  t o  copy i t .  

The NASA accomplishment w i t h  regard t o  the  v a r i a b l e  sweep wing has 
been good from the  f i r s t  tes t  of t h e  concept i n  the  1951 f l i g h t  of t h e  
X-5 v a r i a b l e  sweep a i r p l a n e  because of the  q u a l i t y  of support  given t o  
t h e  a i r p l a n e  development r e sea rch  programs, The technology represented  
by mature concepts  and research and development c a p a b i l i t y  was a v a i l a b l e  
i n  advance of need, 

I t  i s  important  f o r  NASA management t o  note ,  t h a t  i n  s p i t e  of t h i s ,  
t h e  expressed va lue  of t h i s  technology i s  nonexis ten t  i n  the  t r a d e  o r  
news p r e s s ,  More o f t e n ,  the  p res s  r e p r e s e n t a t i o n s  cause a nega t ive  
r e a c t i o n  wi th  a NASA involvement implied.  The direct  bene f i t  of t h e  
NASA developed v a r i a b l e  sweep wing technology a s  app l i ed  t o  veh ic l e s  i s  
shown be low. 

App l i ca t ion  t o  M i l i t a r y  A i r c r a f t  

Economic comparison of m i l i t a r y  a i r c r a f t  t y p e s  i s  not p r a c t i c a l  
because of t h e i r  complex mission,  c r i t i c a l  dependence upon ground and 
on-board systems, d i sposab le  ordnance, and l o g i s t i c a l  and t a c t i c a l  
s i t u a t i o n s .  Economic eva lua t ion  of the effect of an a e r o n a u t i c a l  ad- 
vance on a m i l i t a r y  a i r c r a f t  is  a l s o  imprac t i ca l ;  however, i f  j u s t  one 
element of t h e  performance requirements common t o  s e v e r a l  types  of a i r -  
c r a f t  i s  cons idered ,  a comparison can be made: A l l  a i r c r a f t  have t o  
l and ;  without l i f t  engines ,  t h e  maneuver i s  s i m i l a r .  The v a r i a b l e  
sweep wing technology permi ts  better compromise between f l i g h t  and 
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landing;  t h e  a i r c r a f t  f l i e s  b e t t e r  a t  h igher  speeds and lands b e t t e r  
a t  lower speeds.  Without v a r i a b l e  sweep wing, t h e  same a i r c r a f t  would 
have a lower c r u i s i n g  speed or e f f i c i ency  and a higher  landing speed. 
With a l l  o t h e r  f a c t o r s  being equa l ,  t h e  f a s t e r  landing  a i r c r a f t  w i l l  
s u f f e r  g r e a t e r  losses. Without cons ider ing  loss of t h e  p i l o t  and loss  
of s y s t e m  e f f e c t i v e n e s s ,  t h e  c o s t  t o  r e p i a c e  each a i r c r a f t  l ~ s t  would 
be approximately $5 m i l l i o n .  The e n t i r e  NASA ae ronau t i c s  r e sea rch  ex- 
pend i tu re  f o r  an e n t i r e  y e a r  could be recovered through avoiding a few 
of t h e s e  lo s ses .  

ApDlication t o  Commercial Je t  TransDorts 

The v a r i a b l e  sweep wing not only improves c o n t r o l l a b i l i t y  i n  low 
speed approach f l i g h t ,  i t  i s  e f f e c t i v e  i n  reducing t h e  touchdown speed 
while  main ta in ing  c r u i s e  f l i g h t  e f f i c i e n c y .  Low touchdown speed i m -  
proves s a f e t y  and reduces maintenance c o s t s  on landing gea r ,  wheels,  
and brakes.  

A v a i l a b i l i t y  of t h i s  type  of technology, a long with t h e  c a p a b i l i t y  
t o  s o l v e  new problems qu ick ly ,  i s  very e f f e c t i v e  i n  compet i t ive  s i t u a -  
t i o n s .  I t  permits  one t o  s t a r t  l a s t  and s t i l l  end up f i r s t .  The l a t e -  
comer can t a k e  advantage of so lu t ions  t o  some ope ra t iona l  problems and 
market a n a l y s i s  a l ready  performed by compet i tors ,  e n t e r  t h e  marke t  with 
promises,and secu re  t h e  sales requi red  t o  recover  t h e  investment.  Th i s  
i s  t h e  s i t u a t i o n  a t  t h i s  t i m e  wi th  t h e  U.S. Boeing SST and t h e  Anglo- 
French Concorde. 

I n  comparing t h e  American SST with t h e  Anglo-French Concorde, an 
advantage f o r  t h e  SST i n  earn ing  capaci ty  based on normal usage i s  
d i sc losed .  S a l i e n t  advantages f o r  t h e  SST a r e  not  considered;  f o r  
example, t h e  SST has growth p o t e n t i a l  i n  speed because of i t s  s t ruc tu re - -  
t h e  Concorde does not .  The SST approach speed i s  148 t o  150 knots ;  
t h e  Concorde approach speed i s  est imated t o  be between 145 and 165 
knots  but  a c t u a l  speed can be determined only a f t e r  f l i g h t  test where 
c o n t r o l  margins a r e  determined a t  low speed. 

The Boeing SST approach speed is  p r e d i c t a b l e  because of a c t u a l  
expe r i ence  wi th  s i m i l a r  conf igura t ions ;  t h e  Concorde approach speed 
must be determined by test and w i l l  probably tend toward t h e  higher  
speeds.  The b a s i c  reasons f o r  t h i s  are t h a t  t h e  p i l o t  w i l l  f ee l  more 
s e c u r e  wi th  t h e  a i r c r a f t  a t  a lower ang le  of a t t a c k  and a h igher  speed 
and t h a t  t h e  a i r c r a f t w i l l  respond b e t t e r  t o  con t ro l  motion. The p i l o t  w i l l  
t end  to  t r a d e  t h e  hazard on t h e  approach f o r  t h e  hazard on ro l l -ou t .  

The h igher  speed of 165 knots r e p r e s e n t s  21% more energy to ais- 
s i p a t e  a t  touchdown and r o l l - o u t ,  a s  w e l l  as less margin for e r r o r  and 
g r e a t e r  p o t e n t i a l  damage r e s u l t i n g  from f a i l u r e .  The higher  approach and 
touchdown speed causes  a g r e a t e r  proport ion of t h e  p o t e n t i a l  load car ry-  
i n g  a b i l i t y  of t h e  a i r c r a f t  t o  be given up t o  wheels, b rakes ,  landing 
g e a r ,  a s s o c i a t e d  s t r u c t u r e , a n d  other  a r r e s t i n g  equipment. The lower 
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landing speed and more famil iar low speed f l y i n g  q u a l i t i e s  are made 
poss ib le  by NASA's aeronautical technology developments assoc iated with 
the  var iable  sweep wing. 
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BENEFITS OF NASA AERONAUTICAL RESEARCH 

The NASA ae ronau t i c s  program f a l l s  i n t o  s i x  c a t e g o r i e s .  The t e c h n i c a l  
content  of t hese  program elements has been and is u s u a l l y  descr ibed i n  de- 
t a i l ;  t he  way i n  which the  program r e s u l t s  b e n e f i t  people i s  o f t e n  not ex- 
p l a ined .  The s i x  program elements a re  l i s t e d  below (Ref .  1 ) .  B e n e f i t s  of 
NASA's ae ronau t i c s  program a r e  discussed i n  s e c t i o n s  t h a t  fol low.  

1. A cont inuing SRT ( s u s t a i n i n g  r e sea rch  and technology) 
r e sea rch  program d i r e c t e d  a t  ob ta in ing  new b a s i c  know- 
ledge i n  t h e  phys ica l  sciences underlying advances i n  
a e r o n a u t i c s .  

2 .  A small  but  e x p l i c i t  e f f o r t  t o  provide t e c h n i c a l  i n fo r -  
mation important t o  advances i n  s a f e t y  and u t i l i t y  of t he  
r a p i d l y  growing gene ra l  a v i a t i o n  a c t i v i t i e s .  

3 .  A s u b s t a n t i a l  and growing research program i n  V/STOL 
( v e r t i c a l / s h o r t  take-off and landing) a i r  t r a n s p o r t s  
including h e l i c o p t e r s ,  STOL ( s h o r t  take-off and landing) 
a i r c r a f t ,  and VTOL ( v e r t i c a l  take-off and landing) a i r -  
c r a f t .  One phase of t h e  program i s  d i r e c t e d  toward prob- 
lems of commercial a p p l i c a t i o n ;  t he  second, formulated 
and d i r e c t e d  i n  j o i n t  a c t i v i t y  with t h e  DOD, i s  d i r e c t e d  
toward enab l ing  m i l i t a r y  a p p l i c a t i o n  of t h i s  c a p a b i l i t y .  

4 .  A s  a r e sea rch  program d i r e c t e d  a t ,  f i r s t ,  r e so lv ing  near- 
t i m e  problems of cu r ren t  subsonic j e t ,  concen t r a t ing  par- 
t i c u l a r l y  i n  n o i s e  c o n t r o l  and f l i g h t  path c o n t r o l ,  and 
second, providing information t o  enable  f u r t h e r  exp lo i t a -  
t i o n  of t h i s  va luab le  c a p a b i l i t y ,  including s h o r t e r  f i e l d  
o p e r a t i o n ,  new and q u i e t e r  power p l a n t s ,  and increased 
c r u i s e  e f f i c i e n c y .  

5 .  A major e f f o r t  i n  support  of t he  n a t i o n a l  SST ( supe r son ic  
t r a n s p o r t )  program. A large element of t h i s  i s  i n  d i r e c t  
response t o  t h e  FAA and i t s  c o n t r a c t o r  requirements.  In  
a d d i t i o n ,  NASA i n i t i a t e d  research w i l l  cont inue t o  cen te r  
around advanced propulsion technology and f l i g h t  dynamics 
a t  about t h e  same l e v e l  as  t h e  two previous years. 

6 .  An expanded but b a s i c  research program d i r e c t e d  a t  re- 
ducing u n c e r t a i n t i e s  i n  knowledge r e l a t e d  t o  hypersonic 
c r u i s e  f l i g h t .  Major e f f o r t s  w i l l  be d i r e c t e d  a t  con- 
t i n u i n g  t h e  hypersonic ramjet engine r e sea rch ,  a t  i n i -  
t i a t i n g  r e sea rch  on l i g h t  weight s t r u c t u r e s  capable of 
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o p e r a t i n g  a t  high equi l ibr ium temperatures ,  and a t  
determining the  primary s c a l e  e f f e c t s  a t  hypersonic 
speeds t o  provide proper i n t e r p r e t a t i o n  o f  d a t a  from 
e x i s t i n g  ground based f a c i l i t i e s .  

New Basic  Knowledge 

The f i r s t  i t e m  above provides  t h e  t o o l s  f o r  a l l  o t h e r  a c t i v i t i e s .  
The t o t a l  c o s t  of t h e  problem so lu t ion  i s  less i f  t h e  t o o l s  are a l -  
ready a v a i l a b l e  and do not  have t o  be de f ined  ( inven ted ) ,  designed,  or 
developed wh i l e  t h e  problem s o l u t i o n  i s  being attempted. The c o s t  
s av ings  are s i g n i f i c a n t  and can be represented by a r e -en t ry  v e h i c l e  
t h a t  confirmed p red ic t ed  t r a j e c t o r y ,  a major a i r c r a f t  r edes ign  t h a t  was 
no t  r e q u i r e d ,  t h e  loss of an experimental  a i r c r a f t  t h a t  w a s  prevented,  
or t h e  t h i r d  and f o u r t h  series of wind tunnel  tes ts  t h a t  w e r e  e l imina ted .  
Having a problem,solving c a p a b i l i t y  (technology) e a r l y  i n  t h e  program 
saves money since fewer people a r e  a t  work, and t h e r e f o r e ,  fewer people 
have t o  be r e i n s t r u c t e d ,  less hardware has  t o  be changed o r  r e b u i l t  t o  
new d e s i g n s ,  and t h e r e  i s  less chance f o r  e r r o r  or omission i n  making 
t h e  changes. 

NASA h a s  a h i s t o r i c a l  record of maintaining a technology base t h a t  
i s  g e n e r a l l y  i n  advance of i n d u s t r i a l  and o t h e r  requirements.  The tech-  
nology base i s  concerned wi th  t e s t i n g  f a c i l i t i e s ,  t h e o r e t i c a l  and tech- 
nique developments, and concept q u a l i f i c a t i o n s .  This  a v a i l a b l e  techno- 
logy c o n t r i b u t e s  t o  lower c o s t s  (Ref. 2 ) .  

ImDact on Economy 

Anyone who ca res  about t he  p r i ce  of food ca res  about t h e  p roduc t iv i ty  
of t h e  l a b o r  app l i ed  t o  food processing and d i s t r i b u t i o n .  W e  a r e  t a l k i n g  
he re  about t he  p roduc t iv i ty  of labor app l i ed  i n  t h e  a c q u i s i t i o n  of aero- 
n a u t i c a l  v e h i c l e s  and the  p roduc t iv i ty  of these v e h i c l e s ,  which in f luences  
t h e  p r i c e  of b r e a k f a s t  c e r e a l  i n  two ways: d i r e c t - - i f  t he  a d v e r t i s i n g  
account execu t ive  has t o  pay more f o r  h i s  a i r l i n e  t i c k e t ,  h i s  s e r v i c e  and 
t h e  cereal w i l l  c o s t  more; i nd i r ec t - - i f  l a b o r  i s  gene ra l ly  i n e f f e c t i v e ,  
t h e  d o l l a r  v a l u e  w i l l  decrease and t h e  c e r e a l  w i l l  c o s t  more d o l l a r s .  

General Av ia t ion  

The second ca t egory  of t h e  NASA ae ronau t i c s  program relates t o  

I t  i s  becoming an i m -  
g e n e r a l  a v i a t i o n  a i r c r a f t .  General a v i a t i o n  a p p l i e s  t o  a l l  a i r c r a f t  
o t h e r  than m i l i t a r y  or scheduled commercial. 
p o r t a n t  element of our  cu l ture  and economy; i t  i s  growing a t  a re- 
markable r a t e ,  and t h e  growth t r e n d  i s  s t i l l  r i s i n g .  The f i n a l  form 
of t h e  l i g h t  a i r c r a f t  o r  a i rbo rne  (smaller)  v e h i c l e  i s  no t  c l e a r ;  
g e n e r a l  a v i a t i o n  i s  no t  l imi t ed  by t o d a y ' s  technology and i t  has  a 
b r i g h t  f u t u r e .  Consider t h e  data i n  Table 3 .  
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Table 3 

GENERAL AVIATION DATA (Ref .  6) 

A n n w d  U. S. prodi-wtion of 
gene ra l  a v i a t i o n  a i r c r a f t  

Value 

Manufacturing l a b o r ,  people 

Number of U.S. a i r c r a f t  ex- 
por ted  t o  70 c o u n t r i e s  

Number of a i r c r a f t ,  p re sen t  
a c t i v e  f l e e t  i n  t h e  United S t a t e s  

1975 f o r e c a s t  of a c t i v e  f l e e t  
i n  t h e  United S t a t e s  

S tudent  p i l o t  a p p l i c a t i o n s  , 1966 

Student  p i l o t  a p p l i c a t i o n s ,  1967 

16,000 

$500,000,000 

31,000 

3,000 

100 , 000 

185 , 000 

90 , 000 

116 , 000 

I n  comparison wi th  t h e  automobile product ion r a t e s  (9,000,000 
u n i t s / y e a r ,  Ref. 7 ) ,  t hese  d a t a  a re  smal l .  I f  t h e  gene ra l  a v i a t i o n  
a i r c r a f t  u n i t  product ion grows t o  only 1/100 of t h e  automobile produc- 
t i o n ,  i t  w i l l  reach 90,000 u n i t s  per y e a r ;  t he  a c t i v e  f l e e t  w i l l  grow, 
and t h e r e  w i l l  be a profound e f f e c t  on people .  A s  competing manufac- 
t u r e r s  improve t h e  performance of equipment t o  secure t h e i r  share  of 
t h e  expanding market ,  t h e  range of t h e  week-end p i l o t  w i l l  i n c r e a s e ,  
t h u s  pe rmi t t i ng  the  p i l o t  t o  f l y  i n t o  unknown t e r r i t o r y  and environ-  
ment. A s  a i r  t a x i  s e r v i c e  i s  increased ,  i t s  u s a b i l i t y  w i l l  improve, 
r e s u l t i n g  i n  more growth. Used a i r c r a f t  w i l l  be operated by new p i l o t s  
and w i l l  be rep laced  by h igher  performance new equipment 
flown by more experienced p i l o t s .  A l l  of t h i s  w i l l  r e s u l t  i n  demands 
f o r  s e rv i ce , and  t h e  s a f e t y  problem w i l l  grow. 

t h a t  w i l l  be 

A t  p r e s e n t ,  t h e  market i s  absorbing a l l  t he  u n i t s  t h a t  e x i s t i n g  
and new manufacturers  can produce. Foreign manufacturers  a r e  con- 
c e n t r a t i n g  e f f o r t s  on development of l i g h t  a i r c r a f t .  A s i g n i f i c a n t  
b a s i c  r e sea rch  and development program cannot be undertaken by the  
manufac turers  s i n c e  they a r e  f u l l y  occupied a t  p re sen t  and cannot j u s t i -  
f y  c o n s i d e r a t i o n  of new conf igura t io i i s .  M a i i i i f ~ z t i i r ~ r ~  , h~ivever, are 
complet ing development a c t i v i t y  t o  meet FAA requirements  for l i c e n s i n g  
(and customer requi rements ) ,  and t h i s  a lone  i s  a s i g n i f i c a n t  burden on 
r e sources .  If a f o r e c a s t  i s  made, cons ide r ing  t h e  above, r e sea rch  and 
development might be requi red  to  a s s i s t  i n  so lv ing  these  problems: 
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1. What is  NASA's r o l e ?  

2.  How can t h e  gene ra l  a v i a t i o n  f l e e t  be k e p t  q u i e t  (no i se )?  

3. How can improved f l i g h t  con t ro l  a i d s  be provided? 

4. How can gene ra l  a v i a t i o n  s a f e t y  be improved? 

NASA's Role 

NASA's r o l e  i s  t h e  t r a d i t i o n a l  one: t o  provide the  technology 
necessary f o r  problem-solv ing  and t o  assist a s  requi red  i n  problem 
so lv ing  through use of i ts f a c i l i t i e s  and experienced s t a f f .  

NASA has  completed a program t o  determine t h e  degree  t o  which 
a v a i l a b l e  technology i s  employed i n  gene ra l  a v i a t i o n  a i r c r a f t  and has  
found t h a t  i n  some i n s t a n c e s  NACA/NASA d a t a  were not  app l i ed ;  i n  o t h e r s  
i t  appeared t h a t  new d a t a  were requi red  (Ref. 8 ) .  

A s  a r e s u l t  of p a s t  e f f o r t s ,  the  r e sea rch  c a p a b i l i t y  a t  NASA a l -  
ready e x i s t s  i n  terms of s t a f f  and f a c i l i t i e s  i n  many a r e a s .  Research 
c a p a b i l i t y  i s  being acquired by cu r ren t  a c t i v i t y  i n  s e v e r a l  new a r e a s .  

The t o t a l  NASA resea rch  bene f i t i ng  gene ra l  a v i a t i o n  i s  l i s t e d  
below (Ref. 1): 

Biotechnology - p i l o t  c a p a b i l i t i e s  
Aeronaut ics  - performance, s t a b i l i t y , a n d  c o n t r o l  
E l e c t r o n i c s  - augmented s t a b i l i t y  and c o n t r o l  
Power p l a n t  - r e l i a b l e ,  l i gh twe igh t ,  inexpens ive ,  

s m a l l  t u rb ine  engine e v a l u a t i o n  

Noise Problem 

An example of a c a p a b i l i t y  based on p a s t  accomplishment i s  t h e  
a i r p l a n e  p r o p e l l e r ,  which w i l l  probably be important  t o  gene ra l  av ia -  
t i o n  a i r c r a f t  f o r  some t i m e .  The p r o p e l l e r  must be e f f i c i e n t  and q u i e t .  
The p r o p e l l e r  r e sea rch  tunnel  w a s  f i r s t  pu t  i n t o  ope ra t ion  by NACA i n  
1927 and it has  been used and improved i n  development e f f o r t s  on propel-  
lers ,  engine cowls,and f a i r i n g  s ince  t h a t  t i m e .  NASA has  completed work 
i n  t h e  p a s t  t o  d e f i n e  des ign  parameters f o r  q u i e t  and e f f i c i e n t  propel-  
l e r s ;  t h u s ,  t h e  technology i s  a v a i l a b l e  t o  indus t ry  (Ref. 2 ) .  

F l i g h t  Cont ro l  

The technology base f o r  improvement or c r e a t i o n  of c o n t r o l  dev ices  
and o t h e r  e l e c t r o n i c  equipment i s  being provided i n  p a r t  by NASA. The 
f i rs t  s t e p  is  examination of t h e  performance and c o s t  of a v a i l a b l e  
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equipment. Where new technology i s  needed t o  meet equipment performance 
and c o s t  g o a l s ,  research  i s  i n i t i a t e d  t o  apply advanced concepts  t o  m e e t  
t h e  need. For example, a low-cost, a l l  f l u i d  a u t o p i l o t  f o r  l i g h t  a i r -  
c r a f t  is i n  f l i g h t  eva lua t ion  and development now a t  t h e  NASA F l i g h t  
Research Center (Ref. 9 ) .  

Sa fe ty  

General a v i a t i o n ' s  sa fe ty  record (Ref. 10) j u s t i f i e s  t h e  NASA 
e f f o r t s  t o  provide necessary technology f o r  improvement i n  s a f e t y  per- 
formance. An example of advanced research  i n  t h e  s a f e t y  a r e a  i s  t h e  
work i n  biotechnology ( t o  understand p i l o t  c a p a b i l i t i e s )  and s imula t ion  
r e s e a r c h  ( t o  gene ra t e  r e a l i s t i c  con t ro l  t a s k s  i n  o rde r  t o  o b t a i n  u s e f u l  
eva lua t ion  of p i l o t s  and equipment). This  work i s  respons ive  t o  a 
c u r r e n t  need and i s  based on technology c rea t ed  by t h e  most advanced 
r e s e a r c h  i n  high-speed f l i g h t  and space f l i g h t .  

NASA's i n t e r e s t  i n  p i l o t  r eac t ion  t o  d i f f i c u l t  and un fami l i a r  
c o n t r o l  t a s k s  i n  r e sea rch  a i r c r a f t  led t o  t h e  development of means t o  
measure p i l o t  r e a c t i o n s  and t h e  development of s imula to r s  wi th  which t o  
remove t h e  u n f a m i l i a r i t y ,  determine usab le  l i m i t s  of c o n t r o l  t a s k  d i f -  
f i c u l t y ,  and eva lua te  b iosensors .  

NASA has eva lua ted  t h e  c o n t r o l l a b i l i t y  of several  l i g h t  a i r c r a f t  
and has  found t h a t  an undes i r ab le  r e v e r s a l  of c o n t r o l  i npu t  f o r c e  w a s  
r e q u i r e d  i n  one a i r c r a f t  type  t o  cause an abrupt  nose down motion. 
Also ,  support  t e s t i n g  has  been performed with s t a b i l i t y  augmentation 
dev ices  i n s t a l l e d  t o  a i d  i n  p i l o t i n g  t h e  a i r c r a f t  (Ref. 11). 

V/STOL Transpor t s  

NASA i s  engaged i n  explora tory  r e sea rch  t o  eva lua te  concepts  
a p p l i c a b l e  t o  t h e  unusual  V/STOL f l i g h t  regime. 
cep t s , and  t h e  eva lua t ion  t a s k  i s  comprehensive. Noise,  f l i g h t  p r o f i l e ,  
r ange ,  speed, s i z e ,  economy, c o n t r o l l a b i l i t y  and biotechnology,  ap- 
proach  ang le ,  c l imb ang le ,  passenger comfort ,  power p l an t  technology, 
m a t e r i a l s  and s t r u c t u r e s  technology, and aerodynamics technology a l l  
must be evaluated--at  one t i m e .  The engine supp l i e s  power t o  t h e  wing 
t o  improve or develop l i f t  a t  low speed; t h e  amount of l i f t  provided 
by t h e  engine i n s t e a d  of by t h e  wing in f luences  range;  and t h e  number of 
l and ings  and t ake -o f f s  pe r  t r i p  in f luences  range. 

There a r e  many con- 

Th i s  t a s k  i s  proper ly  assigned t o  NASA and w i l l  b e n e f i t  t h e  organi-  
za t io i i  siiice it i i ivolvcs mazy t e c h x m l ~ g i ~ s  a lready i n  t h e  advanced re- 
s e a r c h  phase; t h e  t a s k  moves t h e  work i n t o  t h e  app l i ed  technology phase,  
where it w i l l  be t h e  means by which t h e  technologies  a r e  eva lua ted  and 
t h e  advanced r e s e a r c h  i s  d i r e c t e d  i n  t h e  f u t u r e .  The a c t i v i t y  w i l l  be 
impor tan t  i n  t h e  t r a n s f e r  or u t i l i z a t i o n  of technology developed i n  t h e  
manned space f l i g h t  program t o  indus t ry .  U s e  of many d a t a  and techniques 
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developed i n  connect ion wi th  t h e  lunar  landing veh ic l e  program w i l l  
probably be made. 

J u s t  i f  i c a t  i o n  

The I n t e r n a t i o n a l  A i r  Transport  Assoc ia t ion  r e p o r t s  i t s  opei.atiiig 
f l e e t  a s  c o n s i s t i n g  of 3,507 a i rp l anes  ( j e t s ,  turboprops,and p i s t o n  
engines) and 34 h e l i c o p t e r s  (Ref. 12). The U. S. A i r  Force ope ra t e s  
60 he l i cop te r s ,  and t h e  Navy 12 f o r  rescue s e r v i c e  (Ref. 13) .  Of course ,  
h e l i c o p t e r s  a r e  used ex tens ive ly  i n  Vietnam. The h e l i c o p t e r  is t h e  only 
VTOL a i r c r a f t  t h a t  i s  ope ra t iona l  a t  t h i s  t i m e .  The STOL types  a r e  few 
and small ,  and not  t r u l y  s u i t e d  t o  the  requirements  t h a t  e x i s t .  

The h e l i c o p t e r ,  while  it c e r t a i n l y  ope ra t e s  from t h e  c i t y  c e n t e r ,  
is slow, i t  v i b r a t e s  and i s  smal l ;  t h e r e  are no economically usable  
STOL a i r c r a f t  . 

Should NASA, through r e sea rch ,  support  o r  conduct advanced work t o  
develop t h e s e  a i r c r a f t  types? Who w i l l  b ene f i t ?  

The h e l i c o p t e r  has  been found t o  be of g r e a t  m i l i t a r y  va lue  i n  
Vietnam as a weapon, as a t ransport ,and as a rescue  veh ic l e .  The cos t /  
e f f e c t i v e n e s s  of t h e  h e l i c o p t e r  can only  be expressed q u a l i t a t i v e l y .  
The h e l i c o p t e r  r ep laces  t r u c k s ,  t roops ,  a i r p l a n e s ,  runways, roads ,  and 
p o r t s ,  and i t  saves  t h e  l i v e s  and unburdens forward u n i t s  of c a s u a l t i e s .  
If t h e  h e l i c o p t e r  c o s t s  less than the i t e m s  i t  r ep laces  (and i t  probab- 
l y  does by an o rde r  of magnitude),  then r e sea rch  t o  improve i t  i s  
e a s i l y  j u s t i f i e d  and t h e  i n d i r e c t  bene f i t  i s  t o  t h e  taxpayer .  The 
d i r e c t  b e n e f i t  i s  t o  t h e  wounded s o l d i e r  who w a s  t r anspor t ed  quick ly  t o  
t h e  h o s p i t a l ,  or t h e  s o l d i e r  who was saved from i n j u r y  because of t h e  
h e l i c o p t e r ,  and t h e r e f o r e  he l i v e s  t o  enjoy t h e  i n d i r e c t  b e n e f i t s .  

S o c i a l  and Economic Bene f i t s  

The s o c i a l  and economic bene f i t s  can be seen by a f o r e c a s t  of t r ans -  
p o r t a t i o n  requirements  of t h e  fu tu re .  A th ree- fo ld  i n c r e a s e  i n  world 
a i r  t r a v e l  i s  f o r e c a s t  f o r  t h e  per iod 1968-1975 (Ref. 12).  Because of 
l ead  times, planning a t  some of the  major c i t i e s  of t h e  world i s  w e l l  
advanced. A t  Los Angeles,  annual  t r a f f i c  i s  p red ic t ed  t o  i n c r e a s e  
from 17.2 m i l l i o n  t o  57.5 m i l l i o n  f o r  passengers ,  from 473,000 t o  
687,000 f o r  a i r p l a n e  movements, and from 26 m i l l i o n  t o  86 m i l l i o n  f o r  
automobile  movements. An expendi ture  of $504 m i l l i o n  w i l l  be requi red  
t o  accommodate t h e  t r a f f i c  i nc rease ,  wi th  $372 m i l l i o n  of t h a t  t o t a l  
t z  be spent h e f ~ r e  1971. The Los Angeles p lan  inc ludes  r a p i d  economical 
conveyance from near-home or business  c e n t e r s  t o  t h e  a i r p o r t .  Extens ive  
u s e  of V/STOL a i r c r a f t ,  expected t o  become a v a i l a b l e  i n  t h e  1975-1980 
p e r i o d ,  i s  planned. To i n c r e a s e  parking spaces  from 10,000 t o  30,000 
f o r  personal  automobiles ,  seven- or  e i g h t - l e v e l  parking s t r u c t u r e s  with 
roof stress f o r  V/STOL a i r c r a f t  w i l l  be b u i l t  (Ref. 14). While t h e  
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Los Angeles a i r  t r a n s p o r t a t i o n  complex i s  not  c r i t i c a l l y  dependent upon 
t h e  V/STOL, i t s  e f f i c i e n c y  and i ts  i n i t i a l  c o s t  a r e .  

The t raveler  would be served very w e l l  i f  he could d r i v e  h i s  car t o  
a metroport  a t  t h e  c i t y  c e n t e r  and end up a t  another  c i t y  c e n t e r  without 
spending SLY iiiiich timz d r i v i 2 g  a s  flyingi The a b i l i t y  t o  improve s e r v i c e  
and move t h e  no i se  away from populat ion c e n t e r s  w i l l  a l s o  b e n e f i t  t h e  
popula t ion  c e n t e r s .  

Pover ty /soc ia l  programs should t ake  advantage of t h e  employment 
generated by advances i n  t r a n s p o r t a t i o n  s y s t e m s  made p o s s i b l e  by aero-  
n a u t i c a l  veh ic l e s .  The world's  a i r l i n e s  c u r r e n t l y  employ 577,000 people;  
t h i s  w i l l  grow t o  about twice t h a t  number i n  o r d e r  t o  handle t h e  in -  
c r e a s e  f o r e c a s t  i n  a i r  t r a v e l  by 1975 (Ref,  12).  This  amounts t o  
577,000 new jobs  i n  t h e  world a i r l i n e s  a lone  and does not even r e f l e c t  
i n c r e a s e s  i n  jobs  i n  suppor t ing  a c t i v i t i e s .  The $372 m i l l i o n  expendi- 
t u r e  through 1971 f o r  improvements t o  t h e  Los Angeles a i r p o r t  a lone  
r e f l e c t s  5,000 jobs  f o r  t h e  per iod  and o f f e r s  another  oppor tuni ty  f o r  
t r a i n i n g  and u t i l i z a t i o n  of new labor .  

- 

Subsonic Jet Transpor t s  

The subsonic  j e t  t r a n s p o r t  i s  p a r t  of t h e  c u l t u r e  of t h e  world. I t  
i s  t h e  foundat ion  of t h e  a i r  t r anspor t  i ndus t ry  and i s  t h e  reason f o r  
t h e  i n d u s t r y ' s  f i n a n c i a l  success .  The subsonic  j e t  t r a n s p o r t  f l e e t  
grows a t  a ra te  of over  two a day; a l s o  t h e  no i se  problem grows. But 
t h e  n o i s e  problem i s  p a r t l y  solved by new, h igher  t h r u s t ,  h igher  e f -  
f i c i e n c y  f a n  engines  t h a t  a r e  q u i e t e r  than  p l a i n  t u r b o j e t s  i n  two ways: 
(1) the engine i s  b a s i c a l l y  q u i e t e r  and (2) t h e  a i r c r a f t  can climb 
f a s t e r ,  g e t t i n g  t h e  sound away from t h e  people.  I n c i d e n t a l l y ,  t h e  f a n  
engine  i s  not  bene f i t ed  i n  noise reduct ion  by use  of j e t  ( t a i l p i p e )  sound 
suppres so r s  developed e a r l i e r  by NASA and t h e  f a n  engine makes more n o i s e  
a t  t h e  i n l e t ,  Also,  t h e  new f a n  engine w i l l  permit bigger  loads t o  be 
c a r r i e d  and a i r c r a f t  t o  be " s t r e t ched , "  r e s u l t i n g  i n  o l d  climb r a t e s  and 
t h e  o l d  n o i s e  proximity (Ref. 15). These dynamic advances i n  a i r  t r a n s -  
p o r t  technology p a r t i a l l y  de f ine  the  n o i s e  problem, which i s  p a r t  of t h e  
cont inuing  NASA work on t h e  subsonic jet  t r a n s p o r t .  The importance of 
t h e  problem and t h e  problem of keeping pace with changes has caused t h e  
NASA approach t o  involve  a l l  poss ib l e  n o i s e  abatement r o u t e s ,  i nc lud ing  
i s o l a t i o n ,  i n su la t ion , and  engine noise  suppression.  The i s o l a t i o n  r o u t e  
i n c l u d e s  adjustment  of landing  approach and climb-out pa ths .  These ad- 
jus tments  r e q u i r e  cons ide ra t ion  of p i l o t  c o n t r o l  tasks and work load a rd  
a i r p l a n e  performance changes permit ted by high l i f t  devices .  These 
r o u t e s  can be i n v e s t i g a t e d  e f f e c t i v e l y  because of N A S A ' s  s k i l l s  developed 
i n  p r i o r  work, but  t h e  problem i s  n o t  static. 

Advances made i n  no i se  abatement a r e  o f t e n  o f f s e t  by use  of l a r g e r ,  
more powerful engines  i n  ever- increasing numbers. The problem seems i m -  
p o s s i b l e  and t h e  only p o s i t i v e  s o l u t i o n  appears  t o  be t o  move t h e  a i r -  
p o r t s  away from t h e  communities a l t o g e t h e r  and l e g i s l a t e  aga ins t  people 
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moving out  t o  t h e  new a i r p o r t  loca t ions .  With t h e  a i r p o r t s  served by 
l a r g e  a i r c r a f t  moved t o  remote loca t ions ,  t he  c i t i e s  w i l l  be served by 
many metroports  u s ing  q u i e t  ( r e l a t i v e l y )  V/STOL and s u r f a c e  v e h i c l e s ,  
and t h e  imposs ib le  problem w i l l  be  solved by i s o l a t i o n .  On the o the r  
hand, t h e  n o i s e  genera t ion  problem o f  t h e  high performance engine might 
be solved by a breakthrough i n s p i r e d  by NASA research i n  a manner 
s imilar  t o  s o l u t i o n s  obtained f o r  o ther  "impossible" problems, a s  below. 

2.0- 

FLIGHT 

INDEX 
EFFICIENCY LO. 

Transonic  Wing Breakthrough 

EXPECTED 
IMPROVEMENT 

I t  w a s  accepted f o r  yea r s  t h a t  the h ighes t  e f f i c i e n t l y  usable  sub- 
s o n i c  c r u i s e  speed r e s u l t e d  from a t h i n  laminar flow a i r f o i l  swept a s  
much a s  poss ib l e .  A l l  of t h e  high subsonic a i r p l a n e s  have been designed 
t h a t  way s i n c e  engines  permit ted high subsonic  speeds t o  be a t t a i n e d .  
I t  was thought t h a t  t h e  t r a n s o n i c  speed range was not  e f f i c i e n t l y  usab le  
and t h a t  a i r c r a f t  would s t a y  under a c r i t i c a l  speed or be supersonic .  
However, r e sea rchpe r fo rmeda t  Langley Research Center  by Whitcomb e t  a l .  
has r e s u l t e d  i n  a breakthrough i n  t r anson ic  aerodynamics ( R e f .  16) .  
Large j e t  t r a n s p o r t s  of t h e  conf igura t ions  t y p i c a l  today w i l l  be a b l e  t o  
i n c r e a s e  speed about 15% without i nc rease  i n  power. The  b a s i c  f e a t u r e s  
of t h e  improved wing a r e  shown i n  t h e  fol lowing f i g u r e :  

Figure 1 

SUBSONIC AND TRANSONIC AERODYNAMICS 

CURRENT DESIGN IMPROVED DESIGN 

1 TRANSPORTS \ 

0 
MACH NUMBER * \  *t 

Source: Copyright Aviat ion Week & Space Technology (Ref. 16) 

F l i g h t  e f f i c i e n c y  index inc ludes  c o n t r i b u t i o n s  
from shock and boundary l a y e r  suppression;  favor-  
a b l e  in t e r f e rence , inc lud ing  cambered py1ons;and 
r educ t ion  i n  engine specif ic  f u e l  consumption. 
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Economic Impact 

The t r a n s o n i c  wing breakthrough accomplishes one of t h e  subsonic  
t r a n s p o r t  development goals :  improved c r u i s e  e f f i c i e n c y .  I t  demon- 
s t r a t e s  t h e  p re sen t  worth of the  investment made by t h e  American people 
i n  t h e  NASA f a c i l i t i e s  and s t a f f .  Consider t he  in f luence  of a 15% i m -  
provement i n  ope ra t ing  c o s t s  for the  U.S. scheduled a i r l i n e s  for one year 
(about 1970) where t h e  ope ra t ing  c o s t s  a r e  approximately $6 b i l l i o n .  

If a l l  of t h e  performance advantage were d i r e c t e d  toward r educ t ion  
of ope ra t ing  c o s t ,  t he  sav ing  would be $900 m i l l i o n ,  the  p r o f i t s  would 
be increased  by $900 mi l l ion ,and  t h e  government's share (50% t a x  rate) 
would be $450 m i l l i o n .  This  s i n g l e  p o t e n t i a l  improvement i n  t a x  revenue 
on p r o f i t  i s  equiva len t  t o  t h e  e n t i r e  NASA ae ronau t i c s  expendi ture  f o r  
three years .  Of course ,  t he  improvement w i l l  not  be f e l t  s tep-wise and 
t h e  new a i r c r a f t  u t i l i z i n g  t h e  new technology w i l l  not  ope ra t e  on an over- 
a l l  b a s i s  a t  15% lower cos t .  Some of t h e  advantage w i l l  be r e f l e c t e d  i n  
lower f r e i g h t  rates and passenger f a r e s  and h igher  wages f o r  personnel .  

S o c i a l  Impact 

The Lockheed Georgia Company's Galaxy (C-5) A i r  Force heavy t r a n s -  
p o r t  (764,000 l b .  max. gross)  r ep resen t s  an advanced ae ronau t i ca l  
veh ic l e .  Even before  i t  i s  ope ra t iona l ,  i t  i s  seen by Lockheed engineers  
a s  p o i n t i n g  the  way t o  even more advanced technologies  (Ref. 17). I n  t h e  
C-5 program NASA acted a s  consultant/collaborator; NASA and o t h e r  govern- 
ment wind tunnel  f a c i l i t i e s  provided aerodynamic da ta .  The  advances made 
permit  new t r a n s p o r t  des igns  t o  be based on improved wing des igns ,  a s  
below: 

Figure 2 

TRANSONIC WING TECHNOLOGY ADVANCE 
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The f i g u r e  i n d i c a t e s  development of a t r anson ic  wing t h a t  is  
s u i t e d  t o  t h e  l a r g e  t r a n s p o r t  mission and t h a t  provides  a s i g n i f i c a n t  
improvement i n  o v e r a l l  performance of more advanced t r a n s p o r t  a i r c r a f t .  
During t h e  o p e r a t i o n a l  l i f e  of t h e  C-5 a i r c r a f t  and t h e  p o t e n t i a l  pro- 
duc t ion  of more than 200 a i r p l a n e s ,  developmental changes w i l l  be made. 
The t r a n s p o r t  c a p a b i l i t y  w i l l  be improved and m i l i t a r y  miss ions  added. 
The C-5 w i l l  not  only be t h e  d a t a  source f o r  i t s  own development, but 
i t s  s i z e  and a v a i l a b i l i t y  may permit tests of nuc lear  power p l a n t s .  

The importance of meeting m i l i t a r y  requirements  i s  no t  d e f i n a b l e  
i n  economic terms. The importance of t h e  C-5 i s  of g r e a t e r  scope. The 
a i r p l a n e  can a i r  drop f o u r  50,000 lb .  packages i n  a s i n g l e  pass  or f l y  
2,500 nm, drop 100,000 l b s .  and f l y  back 2,500 nm without r e f u e l i n g  
(Ref. 18). This  c a p a b i l i t y  means much i f  t h e  load is food or  s u r v i v a l  
equipment f o r  people i n  need,and i t  i s  n o t  p o s s i b l e  t o  apply a d o l l a r  
va lue  t o  t h i s  f e a t u r e .  I n  i n t e r n a t i o n a l  r e l a t i o n s  t h e  goodwill  ob- 
t a i n a b l e  wi th  t h i s  c a p a b i l i t y  may exceed t h a t  gained by o t h e r  forms of 
a id .  

Long Range Nat iona l  Bene f i t s  

Of f a r  g r e a t e r  importance t o  a powerful genera l  economy i s  t h e  
f o r e c a s t  of what a p p l i c a t i o n  of advanced ae ronau t i ca l  technology w i l l  
do f o r  a commercial a i r  t r a n s p o r t  a i r c r a f t  t o  be a v a i l a b l e  i n  t h e  
1975-1980 per iod.  The commercial vers ion  of t h e  C-5 w i l l  show a d i r e c t  
ope ra t ing  c o s t  of $ .0125 per  t on  s t a t u t e  m i l e .  A person could ship.  
h i s  c a r  by a i r  t o  Yokohama from San Franc isco  f o r  $100. H e  can do t h e  
same today, by sh ip .  The d i f f e rence  i s  t h a t  by a i r  i t  would t ake  14 
hours (wi th  s top)  whereas, by s h i p , i t  would t ake  14 days. What t h i s  
means i s  t h a t  t h e  U . S .  i s  developing an a b i l i t y  t o  r e p l a c e  t h e  ocean- 
going sh ipbu i ld ing  i n d u s t r y  wi th  an a i r b o r n e  cargo sh ipbu i ld ing  indus-  
t r y .  The advances i n  ae ronau t i ca l  technology extend up t o  payloads i n  
excess of 300,000 l b s .  and g ross  weights over  1,000,000 l b s . ,  according 
t o  Lockheed s t u d i e s  (Ref. 17) .  The advantages t o  n a t i o n s  possess ing  
t h e  technology and t h e  i n d u s t r i a l  c a p a b i l i t y  through which i t  i s  i m -  
plemented should be obvious. 

Na t iona l  SST Program 

NASA support  f o r  t h e  SST a c t i v i t y  has  been t r a d i t i o n a l  and i s  con- 
t i n u i n g  i n  t h e  s e v e r a l  spec ia l i zed  areas. These a r e a s  are l i s t e d  be- 
low. 
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Aerodynamics 

F l i g h t  dynamics 
Biotechnology 
Simulators  
_- .  Avionics 

P i l o t  d i s p l a y s  
Guidance/navigation 
S t  ab i  l it  y augment a t  ion 
C o l l i s i o n  avoidance 

S t r u c t u r e  
Mat e r i  a 1s 

Propuls ion  
Noise 
Performance and r e l i a b i l i t y  

The work involves  problem so lv ing  based on a v a i l a b l e  technology a s  
w e l l  as advancing technology t o  m e e t  t he  needs of t he  SST program. The 
n a t u r e  of t h e  work i s  d i r e c t  support  of t h e  n a t i o n a l  SST program and 
i n d i r e c t  support  r e s u l t i n g  from work on o t h e r  programs, 

Impact on t h e  American Pub l i c  

The n a t i o n a l  supersonic  t r anspor t  development has a l ready  and w i l l  
con t inue  t o  in f luence  people i n  many ways. Many people be l i eve  t h a t  t h e  
SST w i l l  have no e f f e c t  upon them a t  a l l ,  except  f o r  the  s o n i c  boom. 
These people should be shown t h a t  t h e  technology advance represented  by 
t h e  SST a l s o  has an in f luence  on the  va lue  of t h e i r  f i x e d  amount retire- 
ment funds.  The r e s u l t s  of a survey conducted by the A i r  Transpor t  
Assoc ia t ion  of America (ATA) showed t h a t  t he  U.S. a i r l i n e s ,  by expend- 
i n g  $7.7 b i l l i o n  f o r  equipment, w i l l  i n c r e a s e  t h e  d o l l a r  va lue  of t h e i r  
equipment by 1.5 times i n  t h e  f ive-year  per iod  from 1966 through 1970. 
I n  r e l e a s i n g  t h i s  in format ion ,  the  p res iden t  of ATA s t a t e d  ". . . t he  
investment  by t h e  a i r l i n e s  i n  new and more e f f i c i e n t  equipment has 
he lped  t o  minimize t h e  i n f l a t i o n a r y  impact of con t inua l ly  i n c r e a s i n g  
costs of t h e  l abor  and m a t e r i a l  and s u p p l i e s  t he  a i r l i n e s  need." 
(Ref. 19).  N e w  and more e f f i c i e n t  equipment i s  based, of course ,  on 
advancing technology. The ATA statement  can be i n t e r p r e t e d  t o  mean 
t h a t  t h e  new equipment permi ts  the ope ra to r  to  pay higher wages t o  h i s  
employees without i n c r e a s i n g  t h e  cost  of t h e  s e r v i c e  to  t h e  passengers.  
Th i s  means t h a t  t he  d o l l a r  pa id  for  t he  t i c k e t  buys t h e  same number of 
m i l e s ;  the d o l l a r  va lue  has not  changed and t h e r e f o r e  there has been no 
i n f l a t i o n ,  
s e r v i c e .  The technology advance has permi t ted  them t o  produce more. 

a l though higiiei' wages are p i 2  tc t he  p n p l e  prnviding t h e  

I n v e s t o r s  might look a t  t h e  a c t i v i t y  made p o s s i b l e  by t h e  con- 
t i n u i n g  development of ae ronau t i ca l  veh ic l e s  a s  a growth indus t ry .  
F o r e c a s t s  i n d i c a t e  a growth of revenue passenger  miles by a f a c t o r  of 2 
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i n  t h e  per iod 1968 t o  1975 (Ref. 12) .  I n  o rde r  t o  meet t h e  compet i t ive  
demands f o r  t h i s  growth market, reinvestment of earn ings  has been re- 
qui red .  The U.S. a i r c r a f t  manufacturers are  i n  good economic and 
t e c h n i c a l  h e a l t h ;  they supply 82.6% of t h e  world market (Ref. 20).  This  
sha re  i s  ap t  t o  grow i n  t h e  f u t u r e  s ince  t h e  new U.S. a i r c r a f t  types  
and t e c h ~ i c s l  q u a l i t y  becoming ava i l ab le  m e e t  t h e  u s e r  requirements  
b e t t e r  than t h e  f o r e i g n  a i r c r a f t .  

When new equipment i s  necessary simply t o  m e e t  demand f o r  s e r v i c e ,  
i t  must be t h e  h ighes t  earn ing  type  permit ted by t h e  s t a t u s  of tech-  
nology. I f  f a r e  i n c r e a s e s  a r e  necessary and new equipment i s  not  be- 
coming o p e r a t i o n a l ,  s e v e r a l  f a r e  inc reases  might be necessary i n  t h e  
lead  t i m e  requi red  t o  o b t a i n  new equipment (5 yea r s ) .  P r o f i t s  w i l l  be 
reduced,and t h e  a b i l i t y  t o  purchase new equipment w i l l  be diminished,  
l ead ing  t o  an i n a b i l i t y  t o  handle t h e  market a t  t h e  same q u a l i t y  l e v e l .  
The company or i n d u s t r y  moves from a growth t o  a s t a t i c  c h a r a c t e r ,  
p r o f i t s  d iminish ,  and t h e  a b i l i t y  t o  recover  does not e x i s t .  Then, t h e  
demand diminishes  or i s  so ld  elsewhere a t  h igher  q u a l i t y  l e v e l  a t  
lower c o s t s .  

Th i s  i s  c e r t a i n l y  not  t h e  case  wi th  t h e  U . S .  i n d u s t r y ,  which i s  
based on t h e  most advanced and s t i l l  advancing ae ronau t i ca l  technology. 
The advanced r e sea rch  completed by NASA and l e d  by NASA po l i cy ,  t h e  
app l i ed  technology t h a t  e x h i b i t s  t h e  products  of t h e  r e sea rch  e f f o r t  
i n  u s a b l e  form,and t h e  development a c t i v i t y  performed i n  support  of 
o t h e r  programs have been b a s i c  to t h e  p resent  advanced s t a t u s  of aero- 
n a u t i c a l  technology i n  t h e  U . S .  This s t a t u s ,  a long wi th  m i l i t a r y  and 
commercial need, i s  b a s i c  t o  t h e  present  advantage U . S .  equipment has 
over  t h a t  of o t h e r  coun t r i e s .  The r e sea rch  c a p a b i l i t y  t h a t  has been 
b u i l t  i s  a l s o  cu r ren t  and advancing, and work i s  being done i n  many ad- 
vanced and suppor t ing  a reas .  Th i s  f a c t  i s  demonstrated by t h e  l a r g e  
number of advanced r e sea rch  and technology programs t h a t  have a 
p r a c t i c a l  a p p l i c a t i o n  t o  t h e  U . S .  SST program. 

Appl ica t ion  of Advanced Research and Technoloev 

NASA's advanced r e sea rch  and technology programs a r e  l i s t e d  
below (Ref. 21):  

F l u i d  Phys ics  
1. Aerodynamic F l i g h t  Regimes * 
2. High Speed Reentry Heating* 
3. Boundary Layer Research* 
4. Rocket Nozzle Heat Transfer  
5 .  No*l-yu'ewtofiian Fluids 
6. Plasma Physics  

* Appl icable  t o  t h e  SST program. 
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E 1 ec t rop hy s i  c s 
1. Thin Film Behavior 
2. Acoust ic  Wave Attenuat ion 
3. Laser Physics  
4. Tornado Formation* 
5. Nuclear Physics  Research* 

Mat er i  a 1  s 
1. Surface Physics  
2. Ma te r i a l s  S t rengthening* 
3. S t r u c t u r e  of Polymers 
4. "Splat"  Quenching * 
5. F l e x i b l e  Polymers 
6. Sur face  Ref lec tance  Degradation 
7 .  S t r e s s  Corrosion * 
8. Temperature E f f e c t s  on Metal F a t i g u e *  
9. Supersonic Transport  Ma te r i a l s*  

Applied Mat hematics 
1. Better Computational Techniques* 
2. S t a b l e  Lunar S a t e l l i t e s  
3. P r e c i s e  Ca lcu la t ion  of T r a j e c t o r i e s  
4. Energy Requirements f o r  Mars Vehic les  

I n  t h e  a rea  of F lu id  Phys ics ,  d i r e c t  a p p l i c a b i l i t y  of t h e  r e sea rch  
t o  t he  SST e f f o r t  e x i s t s  i n  t h r e e  of t he  c a t e g o r i e s .  I n  Elec t rophys ics ,  
two of t h e  c a t e g o r i e s  a r e  d i r e c t l y  app l i cab le ;  i n  M a t e r i a l s , f i v e  a r e  
d i r e c t l y  a p p l i c a b l e ;  and i n  Applied Mathematics, one i s  d i r e c t l y  ap- 
p l i c a b l e .  Because of upgrading t h e  s t a f f  f a c i l i t i e s  and techniques ,  
a l l  of t h e  work bears  on t h e  SST program i n  an i n d i r e c t  way. 

Hypersonic Cruise  A i r c r a f t  

NASA's hypersonic  c r u i s e  a i r c r a f t  program concent ra tes  on ramjet  
performance, hot  s t r u c t u r e s , a n d  aerodynamic e f f i c i e n c y .  The X-15 re- 
s e a r c h  a i r c r a f t  i s  the  primary research  f a c i l i t y  i n  the NASA hypersonic 
a i r c r a f t  program (Ref. 1). This  e f f o r t  could be a s soc ia t ed  with the  
des ign ,  development,and manufacture of a hypersonic  c r u i s e  commercial 
t r a n s p o r t  a i r c r a f t .  Severa l  publ ic  r e a c t i o n s  a r e  poss ib le :  (1) W e  
don ' t  need one; (2) I t  won't he lp  the  g h e t t o s ;  (3) W e  don ' t  even have 
an SST y e t ;  (4) W e  haven ' t  even solved t h e  problems wi th  t h e  subsonic  
t r a n s p o r t s ;  (5) Don't spend t h e  money now; (6) What i s  a hypersonic  
t r a n s p o r t ?  On t h e  o t h e r  hand, t h e  e f f o r t  could be thought of a s  a 
technolngical developmept goal  bui lder-- then i t  becomes p a r t  of NASA's 
SRT program ( i . e . ,  a d i r e c t o r  of work t o  o b t a i n  new b a s i c  knowledge 
under ly ing  advances i n  ae ronau t i c s ) ;  t h e  hypersonic f l i g h t  r e sea rch  

* Appl icable  t o  t h e  SST program 
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veh ic l e  s t r u c t u r e s  t h e  work by providing a p r o j e c t - l i k e  atmosphere, 
po in t s  t o  s u b t l e  d e t a i l s  i n  t h e  research  a i r p l a n e ,  supp l i e s  a sched- 
u l e , a n d  i n s p i r e s  competit ion and communication i n  support  of a d i f f c u l t  
problem so lv ing  t a sk .  High morale speeds t h e  work,and t h e  e x i s t e n c e  
of a research  a i r c r a f t  provides physical  accamplishments t o  d i sp l ay  
t o  users and t h e  p u b l i c .  Inspiration and speed a r e  necessary if t h e  
technology app l i ed  t o  an a i r c r a f t  i s  not  o b s o l e t e  by t h e  t i m e  of r o l l  
ou t .  Consider t h e  C-5 t ime tab le  as shown i n  Table 4 (Ref .  2 2 ) :  

Table 4 

C-5 SCHEDULE 

S t a r t  d e f i n i t i o n  phase December 1964 

End d e f i n i t i o n  phase September 1965 

Cont rac t  award October 1965 

F i r s t  p a r t s  made August 1966 

F i  rs t a i  rp l ane  assembly January 1967 

Roll-out f i r s t  a i r p l a n e  February 1968 

The c o n t r a c t  was s igned i n  October 1965 a f t e r  t h e  proposal  and 
d e f i n i t i o n  phase,  which ended i n  September 1965. The development of 
t h e  des ign  (performance opt imiz ing ,  weight r educ t ion ,  drag  reduct ion)  
proceeded along wi th  p l ac ing  of subcont rac ts  and t h e  procurement of 
t o o l i n g .  The f i r s t  p a r t s  were made i n  August 1965; t h e  f i r s t  a i r p l a n e  
was assembled dur ing  1967 and e a r l y  1968. The f i r s t  a i r p l a n e  was 
r o l l e d  ou t  i n  February 1968. 

I t  i s  optimum i f  a l l  technology needed t o  meet performance re- 
quirements  i s  a v a i l a b l e  a t  t h e  s tar t  and i f  t h e  requirements  a r e  based 
on t h e  most advanced technology cons i s t en t  wi th  development span t i m e s .  
A t  t h e  t i m e  when t h e  f i rs t  C-5 was being a s s e m b l e a t h e  improved t r an -  
s o n i c  or s u p e r c r i t  i c a l  w ing /a i r fo i l  concept w a s  j u s t  r ecen t ly  d i s -  
covered and was being confirmed or cha rac t e r i zed  i n  wind tunne l s  by 
Lockheed and NASA s t a f f s .  I t  would have produced s e r i o u s  delay t o  t h e  
C-5 program i f  any at tempt  had been made t o  change t h e  wing t o  t h e  new 
des ign  and re-examine a l l  o t h e r  design i t e m s .  Lockheed f e e l s  t h a t  t h e  
new wing technology,which was f i r s t  a v a i l a b l e  i n  1967 , i s  app l i cab le  
t o  1975-1980 o p e r a t i o n a i  airci- ixft  (Ref. 22) .  Since the qroblem of drag  
rise wi th  convent ional  wings was apparent f o r  many years  p r i o r  t o  1967 
and t h e  drag  rise had an important bear ing  on many m i l i t a r y  and commer- 
c i a l  a i r c r a f t  i n  ex tens ive  opera t ion ,  i t  seems t h a t  a vigorous pu r su i t  
of a s o l u t i o n  would have l ed  t o  an ear l ier  f i n d .  I t  could a l s o  be 
p o s s i b l e  t h a t  i t  took a spec ia l  combination of requirements  such a s  
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e x i s t s  i n  t h e  C-5 t o  h igh l igh t  t h e  need, emphasize a requi rement ,or  
p l ace  c e r t a i n  i n d i v i d u a l s  i n  communication/collaboration/competition 
i n  o rde r  t o  make t h e  discovery.  The r e sea rch  a i r c r a f t  p l ays  an 
equiva len t  r o l e  s ince  i t  demands a t t e n t i o n ,  demands firming-up re- 
quirements considered u n a t t a i n a b l e ,  causes coa lesc ing  of i nd iv idua l sy  
and l e a d s  t o  n a i n t a i n i n g  t h e  technology i n  advance of requirement so 
t h a t  t h e  f i r s t  a i r c r a f t  r o l l e d  out  a t  t h e  end of a four-year  des ign  ana 
pro to type  manufacturing process  is not obso le t e .  

I n  p re sen t ing  NASA's aeronaut ics  program, Aviat ion Week & Space 
Technology h i g h l i g h t s  t h e  planned te rmina t ion  of t h e  X - 1 5  r e sea rch  
a i r c r a f t  f l i g h t  program. The a r t i c l e ,  e n t i t l e d  "NASA Reshapes Aero- 
n a u t i c s  Role ,"  s t a t e s  i n  p a r t  (Ref. 23):  

The X - 1 5  program i t s e l f ,  according t o  a NASA o f f i c i a l ,  "has 
looked t o  o u t s i d e r s  f o r  t h e  past  couple of years  as i f  w e  
were j u s t  bare ly  keeping i t  a l ive .  Before w e  decided t o  can- 
c e l  the  f l i g h t  program w e  asked ourselves--and w e  w e r e  asked 
by the  budget people as well--'do w e  want t o  keep going wi th  
a p r e t t y  e s o t e r i c  program?'--and no one i s  r e a l l y  i n t e r e s t e d  
i n  hypersonic  development r i g h t  now--or 'do we want t o  pursue 
a b a s i c  ae ronau t i ca l  research  program?' One had t o  be s a c r i -  
f i c e d  f o r  t he  o t h e r .  I '  

The growing t r e n d ,  he s a i d ,  i s  t h a t  government p a r t i c i p a t i n g  
i n  b a s i c  r e sea rch  and development should be t h a t  which is 

more involved wherever possible" .  
c l e a r l y  t o  the  n a t i o n a l  good, wi th  p r i v a t e  indus t ry  becoming l t  

Obsolescence is  not  t o  t h e  na t iona l  good. The va lue  of t he  e s o t e r i c  
program demonstrated i n  t h e  p a s t ,  i . e . ,  X - 1 5 ,  B-70, manned space f l i g h t ,  
i s  t o  t h e  n a t i o n a l  good. The t r a d i t i o n  of t h e  e s o t e r i c  program i n  NASA 
and i t s  r o l e  a s  d e f i n e r  of advanced goa l s  should be maintained and 
s t rengthened .  The NASA goal  should remain t h a t  of developing tech-  
nology f i v e  t o  t e n  yea r s  i n  advance of t h e  requirement.  
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COMMENTS ON PRESS ATTITUDE 

Because of t h e  p r e s s  a t t i t u d e ,  publ ic  r e a c t i o n  t o  t h e  va lue  of t h e  
a e r o n a u t i c a l  advance represented  by the  v a r i a b l e  sweep wing concept 
could be negat ive.  The F-111 has  been given a g r e a t  amount of nega t ive  
p r e s s  coverage s i n c e  i t s  beginnings,  and t h e  news media have presented 
f a c t s  considered r eadab le  by t h e  nontechnical ly  o r i e n t e d  c i t i z e n  i n  
language t h a t  has proven ef fec t ive- -such  a s ,  "Swing-Wing F igh te r  Program 
f o r  Navy Cancelled.  Con t rove r s i a l  . . . I 1  

An Associated P res s  bus iness  ana lys t  w r i t e s  under t h e  heading, 
"Supersonic Jet P r o j e c t  Under Review," t h a t  "Design and cons t ruc t ion  
problems t h a t  have delayed completion of t h e  American supersonic  a i r -  
l i n e r  one year  t o  t h e  Spring of 1972 a r e  r e s u l t i n g  now i n  a complete 
review of t h e  program by t h e  Boeing Company, t h e  bu i lde r . "  Also,  
'I. . . Included i n  t h e  new design s t u d i e s  i s  a cockpi t  developed by t h e  
NASA f o r  an even t h i n n e r ,  need le l ike ,  i d e a l i z e d  design t h a t  would have 
f i x e d  r a t h e r  than moveable wings. 'I (Ref. 24).  

From t h e  above p r e s s  releases, v a r i a b l e  sweep does not  appear t o  
be very  e f f e c t i v e  i n  a p p l i c a t i o n  t o  a i r c r a f t ;  perhaps t h e  expendi tures  
f o r  t h e  r e sea rch  e n t a i l e d  were wasted. 

I t  But under another  heading, Navy t o  I n i t i a t e  VFX-1 D e f i n i t i o n , "  
w e  f i n d  t h a t  t h e  canceled "cont rovers ia l"  F-111B i s  being rep laced  with 
a s i m i l a r ,  l i g h t e r  a i r c r a f t  wi th  a variable-geometry wing t h a t  w i l l  co s t  
about t h e  same a s  t h e  F-111B. The new a i r c r a f t  w i l l  simply be s p e c i a l l y  
t a i l o r e d  t o  t h e  Navy mission,  and the  v a r i a b l e  sweep wing i s  important 
i n  meet ing t h e s e  mission requirements (Ref. 25).  The r e sea rch  expendi- 
t u r e s  a r e  of va lue  a f t e r  a l l .  

One might look a t  t h e  technologica l  advance represented  by t h e  SST 
and technology i n  gene ra l  a s  does Wilbur H. Fe r ry ,  a v i c e  p re s iden t  of 
t h e  Fund f o r  t h e  Republ ic ,  Inc .  (Ref. 26).  H e  sees t h e  SST a s  an un- 
precedented a t t a c k  on ourse lves  tha t  w e ,  a s  taxpayers ,  a r e  paying f o r .  
H e  sees t h e  SST a s  a source  of ear p o l l u t i o n  caused by son ic  boombard- 
ment. H e  sees t h e  Senate  a s  s i l l y  f o r  au tho r i z ing  an a d d i t i o n a l  $143 
m i l l i o n  f o r  SST development a t  t h e  same t i m e  i t  was reducing expendi- 
t u r e s  on programs f o r  people. M r .  Ferry  s t a t e s  . . .Technology i s  t h e  
v i l l a i n . ' '  
must be r egu la t ed  and t h a t  i t s  i-egulation i s  t h o  most important i n t e l -  
l e c t u a l  and p o l i t i c a l  t a s k  on t h e  American agenda. H e  sees, a s  an 
example of t h a t  r e g u l a t i o n ,  t h a t  t h e  government should fund t h e  develop- 
ment of a fume-free c a r  i n s t e a d  of p l ac ing  a man on t h e  moon or adding 
t o  t h e  d i n  of modern l i f e  t h a t  neurophys io logis t s  warn i s  making u s  deaf 
and ravaging s e n s i b i l i t i e s  and nervous systems. I t .  . .This  i s  p a r t  of 

11 

11 
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H e  c r e d i t s  technology with a g r e a t  a b i l i t y  but  argues t h a t  i t  
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t h e  p r i c e  a l r eady  being exacted by technology; and wi th  SST w e  a r e  
choosing, as a n a t i o n ,  t o  r a i s e  the  p r i c e  enormously." 

The SST may be reviewed by some as  t h e  va luab le  o b j e c t i v e  t h a t  
paces ,  i n s p i r e s , a n d  d i r e c t s  advanced r e s e a r c h ,  app l i ed  technology, 
arid develcpzext a c t i v i t y  ir. a l l  areas  for c i v i l  and commercial purposes 
and a t  a s c a l e  and scope formerly confined t o  t h e  m i l i t a r y  weapons 
s y s t e m s .  For t h i s  reason a lone ,  even though t h e  SST w i l l  have m i l i t a r y  
va lue ,  i t  i s  a s t e p  i n  a d i r e c t i o n  t h a t  M r .  Fe r ry  would approve. There 
are  o t h e r  a r e a s  of t h e  NASA a e r o n a u t i c a l  program t h a t  M r .  Fe r ry  would 
see a s  b e n e f i t i n g  people  and, t h e r e f o r e ,  would approve a s  w e l l .  

M r .  Fe r ry  would approve of new j o b s  generated by expanded use  of 
new equipment w i t h  high p r o d u c t i v i t y .  H e  would approve i f  t h e  expanded 
use  r e s u l t e d  i n  moving t h e  no i sy  a i r p l a n e s  away from t h e  people and 
s e r v i n g  t h e  c i t i es  w i t h  "quiet" v e h i c l e s  t h a t  s e r v e  many me t ropor t s ,  
a l l  made p o s s i b l e  by development of a e r o n a u t i c a l  technology. 

11 II 
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FUTURE STUDY PROGRAM 

I n  l i n e  w i t h  our  recommendation t h a t  NASA take maximal advantage 
of t h e  oppor tuni ty  t ha t  e x i s t s  for bene f i t i ng  economically depressed 
areas through employment i n  gene ra l  a v i a t i o n ,  w e  propose a follow-on 
s tudy ,  a s  o u t l i n e d  below. 

In t roduc t ion  

General a v i a t i o n  i s  technology gene ra t ing  employment i n  labor  
s u r p l u s  a reas .  Light a i r c r a f t  manufacture u t i l i z e s  much l abor ,  and t h e  
product  i s  automotive. With improvements t o  lower c o s t s  and i n c r e a s e  
performance, the  market could probably absorb three t i m e s  t h e  cu r ren t  
product ion of l i g h t  a i r c r a f t  (16,000),  which i n  t u r n  would a t  l e a s t  
double t h e  c u r r e n t  work f o r c e  (31,000). Through i n c e n t i v e s ,  l i g h t  a i r -  
c r a f t  manufacturers  might expand production by loca t ing  assembly p l a n t s  
i n  l a b o r  s u r p l u s  a reas .  Light a i r c r a f t  manufacture does not  r e q u i r e  
l a r g e  investment i n  s p e c i a l  purpose t o o l s  which means t h a t  sma l l e r  
p l a n t s  (5,000 work force)  would be  a b l e  t o  perform compet i t ive ly .  In-  
put  m a t e r i a l  sh ipping  c o s t s  a r e  no g r e a t e r  than f o r  many e x i s t i n g  
p l an t s ,  and the product t r a n s p o r t s  itself away. I t  f l i e s  away and con- 
t i n u e s  t o  consume labor  and products of o t h e r  i n d u s t r i e s  i n  a w i d e  
geographic  a rea .  

Suggested Tasks 

SRI proposes a s tudy cons i s t ing  of t h e  fol lowing tasks: 

1. To a s s i s t  NASA i n  des ign  of a e r o n a u t i c a l  r e sea rch  programs 
t h a t  a r e  developmental i n  n a t u r e ,  f o r  example, l i g h t  a i r c r a f t  
con f igu ra t ions  could be optimized f o r  ground r u l e s ,  such a s  
the following: high wing, low wing, s i n g l e  engine ,  engines  
and wing, engines  and fuse l age ,  improved p i l o t  v i s i b i l i t y ,  
passenger capac i ty .  The  r o l e  of NASA should not  be t o  assume 
r e s p o n s i b i l i t i e s  of t h e  l i g h t  a i r c r a f t  developers  and manu- 
f a c t u r e r s  but  t o  speed app l i ca t ion  of e x i s t i n g  or new tech- 
nology i n t o  the production of l i g h t  a i r c r a f t  w i t h  bet ter  and 
more s u i t a b l e  performance a t  lower c o s t s .  

2. To determine,  w i t h  t h e  genera l  a v i a t i o n  a i r c r a f t  developers  
and manufacturers ,  a rou te  by which new p l a n t s  could be b u i l t  
and l abor  f o r c e s  could be t r a i n e d  i n  economically depressed 
a r e a s  where new f a c i l i t i e s  and s k i l l s  match product ion r equ i r e -  
ments on the new des igns  and technology. The r o u t e  must no t  

27 



c o n s t i t u t e  a government subsidy of a na tu re  t h a t  rep laces  
i n d u s t r i a l  i n i t i a t i v e  r e s u l t i n g  from compet i t ive  pressures .  

3. To present  a l l  f i nd ings  t o  NASA i n  a manner t h a t  permits  i m -  
p lementat ion by appropr i a t e  s t a t e  and f e d e r a l  agencies  and 
t h a t  d i s p l a y s  N A S A ' s  e s s e n t i a l  r o l e  i n  t he  program f o r  bene- 
f i t  of  economically depressed a r e a s  through job  c r e a t i o n  and 
educat ion.  

Method of Approach 

Task 1 

W e  propose t o  accomplish t h i s  t a sk  by o n - s i t e  survey of t h e  s t a t u s  
of technology c u r r e n t l y  employed i n  t h e  des ign ,  manufacture,and test of 
l i g h t  a i r c r a f t  and by comparing i t  with new technology and new equipment 
items a v a i l a b l e  or emerging from the  r e sea rch  and development s t a g e .  
A t t e n t i o n  would be given t o  i t e m s  ranging from the  ex ten t  t o  which use  
i s  made of h igh  capac i ty  product ion equipment t o  a p p l i c a t i o n  of f i b e r  
r e i n f o r c e d  p l a s t i c  m a t e r i a l s .  The i n d u s t r y ' s  e f f o r t s  i n  design of new 
products  would be examined t o  determine how a NASA e f f o r t  could speed 
indus t ry  development and product ion of t h e  new designs.  

Task 2 

I n  o rde r  t o  accomplish t h i s  t a sk  w e  propose t o  (1) i d e n t i f y  labor  
s u r p l u s  a r e a s  and (2) i d e n t i f y  the magnitude of t h e  t r a i n i n g  t a s k  from 
an assessment of a v a i l a b l e  s k i l l  l e v e l s  and t h e  t r a i n i n g  program out -  
l i n e  and eva lua t ion  procedures a s  i s  r equ i r ed  i n  o rde r  t o  determine t h e  
l e v e l  of subsidy t h a t  w i l l  i n s p i r e  competit ion among manufacturers f o r  
t h e  new p l a n t s .  

Task 3 

I n  t h i s  t a s k  w e  would present  t h e  programs recommended f o r  NASA 
implementation i n  such a way t h a t  i nd iv idua l  manufacturers would not  be 
a s s o c i a t e d  with any recommended program element and t h e  r e s u l t i n g  tech- 
nology would be a v a i l a b l e  t o  a l l ,  a s  is c o n s i s t e n t  w i t h  p resent  p r a c t i c e .  
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CONCLUSIONS AND RECOMMENDATIONS 

* NASA's a e r o n a u t i c a l  r e sea rch  programs a r e  d i r e c t e d  toward s o l u t i o n  
of today ' s  problems and tomorrow's technology needs. H i s t o r i c a l l y ,  
t h e  d i r e c t i o n  has been e f f e c t i v e  and i t  i s  based on t r a d i t i o n  
e s t a b l i s h e d  by many years  of work experience i n  t h e  research/  
i ndus t ry  i n t e r f a c e .  

. The v a r i a b l e  sweep wing technology t h a t  was pioneered by NASA i n  
1945 is now being app l i ed  t o  m i l i t a r y  and commercial a i r c r a f t .  
Th i s  technology was a v a i l a b l e  i n  advance of t h e  need. 

- N A S A ' s  a c t i v i t y  i n  support  of a i r c r a f t  development programs of 
o t h e r  agencies  i s  gene ra l ly  b e n e f i c i a l ;  i t  c o n s t i t u t e s  t h e  f i r s t  
d i r e c t  s t e p  i n  technology t r a n s f e r  and u t i l i z a t i o n  and guides  
f u t u r e  work a t  NASA. 

* Cost sav ings  r e s u l t i n g  from maintaining a s u s t a i n i n g  r e sea rch  and 
technology a c t i v i t y  a r e  s i g n i f i c a n t ;  t h e  sav ings  a r e  passed on t o  
t h e  taxpayer .  

- NASA's r o l e  i n  gene ra l  a v i a t i o n  r e sea rch  and technology develop- 
ment i s  cu r ren t  and respons ive  t o  need. The work i s  appropr i a t e ,  
cons ider ing  t h e  economic and s o c i a l  importance of t h e  l i g h t  a i r -  
c r a f t  for personal  and bus iness  use .  

* The f o r e c a s t  i n c r e a s e  i n  production of gene ra l  a v i a t i o n  equipment 
provides  oppor tuni ty  f o r  new plant  l o c a t i o n  i n  economically 
depressed a r e a s .  W e  recommend t h a t  NASA take  maximal advantage of 
t h e  o p p o r t u n i t i e s  f o r  implementation of s o c i a l  programs r e s u l t i n g  
from expansion i n  t h e  manufacture of veh ic l e s  and equipment f o r  
t h e  gene ra l  a v i a t i o n  market. (See Future  Study Program). 

- V/STOL technology is  l a t e .  The r e sea rch  and technology t a s k s  must 
cover a wide range  of concepts;  t e s t i n g  must cover a v a r i e t y  of 
f l i g h t  regimes from hover to high-speed f l i g h t ,  i nc lud ing  con t ro l -  
l a b i l i t y  and human f a c t o r s .  

The sound suppress ion  program t h a t  i s  p a r t  of NASA's cont inuing  
work on t h e  subsonic  je t  t r anspor t  i s  of c r i t i c a l  importance t o  
t h e  community; the findings are important t o  t r a n s p o r t a t i o n  s y s t e m  
planning.  

The t r a n s o n i c  wing breakthrough announced by NASA and Lockheed 
w i l l  have an important  bear ing on t h e  economy of subsonic  je t  
t r a n s p o r t  a i r c r a f t  opera t ion .  
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* Aeronaut ica l  technology advances have r e s u l t e d  i n  t h e  development 
of t h e  C-5 cargo a i r c r a f t .  The  technology p e r m i t s  f o r e c a s t  of an 
even more capable  cargo c a r r i e r  and a r e a l i z a b l e  s tep i n t o  a 
peacefu l  a i rman's  world. 

- NASA's support  of t he  SST program i s  extensive. The d e m m l s  made 
upon ae ronau t i ca l  technology inf luence  NASA's advanced r e sea rch  
programs. 

* NASA i s  developing r e sea rch  s k i l l s  and doing r e sea rch  work i n  
s e v e r a l  a r e a s  a s soc ia t ed  w i t h  hypersonic c r u i s e  a i r c r a f t .  W e  a r e  
l ed  t o  t h e  conclusion,  however, t h a t  t h i s  e f f o r t  w i l l  not be 
emphasized. 

W e  have observed t h a t  t h e  t r anson ic  wing breakthrough was l a t e  
r e l a t i v e  t o  i t s  a v a i l a b i l i t y  f o r  a p p l i c a t i o n  t o  the  C-5 cargo  a i r -  
c r a f t  . 

* W e  conclude t h a t  ae ronau t i ca l  technology w i l l  cont inue  t o  f a l l  
behind need i f  advanced programs are not  pursued. 

e Because of i t s  success ,  NASA's r o l e  i n  ae ronau t i c s  and a v i a t i o n  
should be s t rengthened  and expanded t o  keep pace w i t h  the  i n -  
c r eas ing  use of ae ronau t i ca l  vehic les .  

* The q u a l i t y  and tone  of t h e  press  coverage does not  present  NASA 
i n  a manner c o n s i s t e n t  w i t h  the  a c t i v i t y .  
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